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EhK Ve, H 0.1 mol/L B NaOH Fl1 0.1 mol/L HY
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1.5.3 7 ibmik o RRREEE £R %

T BRI G pH B R R £ K U Wl I
B 5 A B2 TR, B 100 mL S 4R R 150 me/L
f) KH,PO, % T 250 mL B4R H , inA 0.5
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Table 1 Factor and level table
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Figure 1 Micromorphology of portland blast furnace

slag cement before and after phosphorus adsorption
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Figure 2 X-ray diffraction of portland blast furnace

slag cement before and after phosphate adsorption
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Figure 3 Adsorption kinetic curves and kinetic equation
fitting curves of phosphorus onto portland blast

furnace slag cement
3(d) B, b, 2, 09 4.3 6, LI 0B P 7 R
WG Bt R Y e VA R L TR A IR



%5 3 S L

i

K U8 B w1 RE BT 5T 717

1o R A2 10 B R A~ W B A P S R] 32
2.4 BMEREXESN

R e — PR GTHT i i TR R K T B BR B AL
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MR A 5 T 6 A S 22 V2 WA R D A 2 g 3 T I £
224 NP SE R LK 2, Langmuir #1 Freun-
dlich 1% B 45 S 780 9 1815 R &L R® R T 0.97,
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W BiF 47 1E o #H X S 1%, Freundlich J7 2 4 & % 5=
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Table 2 Phosphorus adsorption isotherm models and

relevant parameters of portland blast furnace slag cement

e/ Langmuir J5 2 Freundlich 77 72
C G K, R? n K, R?
20 47.015 0.231 0.9854 3.036 10.680 0.999 2
35 47.192 0.165 0.983 8 3.333 12.788 0.994 7
50 47.303 0.114 0.979 4 3.862 15.562 0.982 8

Freundlich # % K, 76 10 ~ 15 Z [A] 48 fL R
K, Uk B A T R K U X B 1 T B AE T AR AR AR
R n Sy 2 W R 5 R B AR R N3 A R
B R 1 TR n BB, W B T R, R 2
AL, Langmuir M BRF 25 38 A5 780 70045 7 34 A 1R 36 7K
e XF Wi 1) H5e K W B 4 A 47. 303 mg/g, iX — 45 R
T8 T UHE 8 1 AL TG 1 28. 571 mg/g.
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W 4 Fros, pH (H 4 3% 52 a8 ik iR 5 7K
Ye XT i ) W BiE RE 0 . BEAE pH (B I, & i Ak R
b K U 1 5 W B A S BN S 0820, 2 pH (H 5 T 7
BF 40 TS Ak R R K U B R A A B R R, X
G H GRS TR AR R K e R T
o TR ML S A L, B pH B, %
WK 25 M H,PO,” | HPO,” # %] PO,” KKk 78
o MUWCN R YR W H,PO, i s R P
A5 H ORI T W BRI 2% I B e R s> )
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W, RO M AE 0 R R pH (E B R X

Bk TR R 7K 8 1) W R R 41 ) g bR 5 W) AR BE
OH My 2 il fik R h /K e b 4 8 85 7 & 1
HLfr 2 R R IO, OH S5 Bk R AR B 1 5% 4
T AL . TE B B LG IK )T U8 X i 1 WAL A
PESCH o BT R B4 A, K
pH (AR B, i ik TR £h K e A R4 1 22 b 4
P, 2S00 4h W W pH {4 3~ 11 B, ik pH
6.4 B KF) 8.8, X FH G i rEIREL K
Ve i & 42 @ B - 3R T Y it A A 25 BT AR A OG,
MR R H S50 R S KR h &8 B T
18 57 P2 L A R A T 46 S B0 K pH (E T
1R s VA VR I T e R R K e P 4 R B T R
KoF ER P-4 w H 5 35H Kk pH (4 [%
IR X ath— A 2 BB T A R K Y W R B A
B AL R B b Y A AR A
30 12
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Figure 4 Effect of pH value on phosphorus sorption

capacity of portland blast furnace slag cement
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T ARG R R R 7K U8 Y B AR TS A [
5 BTN A B B R B R A B T A
KEZ, BRI KIEEIMEN 1 g/L 5 fin 5
5 o/L B BEAY L BRR M 24% 25 5 90% , it — 4
B B 22 BR AN 90% Fi i B 99% K AL
M8, 55 OuF L I 3 T BRI T I R Y O,
W Bt 755 A 37 mg/g B FREE] 16 mg/g, X J& A
W Bt A A TR R K R AN A 1O R AL A
AL ISE S T, F Tl ) WO RS A T30 5, BSOE 2 BR SR
JIAELSP- 247 380 5457 W52 6 550 6 R B R AEG 25 P
9 L BRACR (R T 90% ) R B 28 35 1 (0% B 64
BB D ) FEHEAT SR IR S ¢/1
2.6 #EEBRHMKRERBEERRESSH

0 R 5 ek DAy W 7 5 SR T SPSS AR X I 58
I A R AT 22 0 M o 22 e AT iE AR D IE AL 3
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fif | 8 2 A TR B B0 T R o B ) B s RE A K
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Figure 5 Effect of mass concentration on phosphorus

sorption capacity of portland blast furnace slag cement
B i DA R (B R K RS E L K A
i) ™,

WEE RN L 3 Pros, ok, &R Ay pH
fE; R B BRI T i, g5 IR C O 0 R B 5
W, mg/ Ly N D Sy MBI E] b A2 B i it
B R K- LA, pH (B R R T A W0 4
JoT ek e E R BRI TR 4 A D3R A ) 45 2% R X i
W 7 1 DA DR 30 /N 52 0 WAL < 00 e Tl I ik B TR
BAEF0)FH A pH{EL W BRI ], AR AR DL 5 45 2R 5 3
FAE SO A5 1 - pH B R 7 IR BRI R C8 0.5 g
P04 W i e R O 150 mg/ T W B RRETRD R 18 b
HIEAS I ZE R T LA H 12 h(13.283) 5 18 h
(13.463) My 2 40 22 88/ (0. 181 ), 156 BT W2 if bt
6] 12 h 55 18 h Xof R R 5% 2 14 45 SR B i e/ A T
BhF 2l I 5 S rpd B T AL B

x3 EXHBER

Table 3 Orthogonal experimental results

an HEA MEB WEzc Wxp OneH
(mg-L7")
1 5 0.5 50 6 11.274
2 5 0.7 100 12 14. 215
3 5 0.9 150 18 14. 821
4 7 0.5 100 18 18. 543
5 7 0.7 150 6 19. 285
6 7 0.9 50 12 4.977
7 9 0.5 150 12 20. 659
8 9 0.7 50 18 7.025
9 9 0.9 100 6 8. 438
K1 13.437 16. 825 7.758 12.999
K2 14.268 13.508 13.732 13.283
K3 12. 040 9.412 18.255 13.463
R 2.228 7.413  10. 497 0. 464

2.7 WM RIBRBERE T LL R
Nk — 20 LR I R R R K e 5 A R A

R BR BRI T T Sk E R e
AT RABRR LY X 5 R R K e
FHARE I BR B 5CRXT L S2 80, A BRI 0.5 ¢ |
AU A ] 100 mL 85 529 R 150 mg/L 1
VW, TE 25 °C 150 o/min BYIE IR R IR B IR
12 h J5 BURE 5 5% R & i, SE I A5 SR K 6
Fis . Wi ik R £k /K e B W B s #) 27 me/g,
KI5 YR (9.689 me/g) BY 2.8 1%, & % +
(6. 121 mg/g) 1 4.4 %, &A1 (4.064 mg/g)
1) 6. 67 f5, & G B R £k (4. 946 mg/g) [ 5. 44
B, M3 Ak PR ER K Y8 (19. 790 mg/g) BY 1. 37 175,
Uk B ek R R /K U8 I B 8 BB R T At A
[ bR B BE T o

30

20 |

.‘;IO-
5,
T o o %
1/: ; )5, B
B B
% ]

R B A
6 A [5] MR B A 3% B W O Y B L e

Figure 6 Comparison of phosphorus adsorption

capacity of different adsorption materials
3 &Hig

(1) Wi ik R R /K U8 B AT R 1Y Bk 8 R 1A
TE W B Bl g 2 52 36 vh B B 25 BR R RT3k 909% L) L
W B 2954 27 mg/g, HE 4R Bl I 2 45 R FLURL
DA BIORE B B Ao b A R LR B Bl g 2p i B BR
(035 S S f e o N Y Y UV A B
W B ot R v 10 2R M 2D R

(2) 47 18 fik T 6 7K 8 Xof Ml 18 i 45 it =X B 457
4 Freundlich X.£F 4 Langmuir 45 i % B 455 A4 | 457
BT R MZ 507 2 WM, B R T AN 12 3
o7 15 W i T A5 S TE PEA S, Langmuir A5 5 15 A H
i R W B AT L3k ) 47 mg/g,

(3) MWW pH {H N 7 W B 25 BRACR ¢
UF BRIE A F T RO BE 25 BR B R T IE A0, i
kIR Hh /K U8 h 42 & B 7 3R T K 23 1 i BT A A 2
JoT AR A LA R Y 22 b R T LA b R
b B R B, A2 W e A T A A S e Y
FREEPLEL,



%5 3 R4 A

T2 £5 7 U8 B3k W 1k RE AT 5 79

(4) 1 IE 2238 56 45 3 nT 1, w0 i ik R £k /K U
Xof W S W IR K B e T A pH (H R T,
W B 550 FH ok 0.5 g B IRl 0 i Wk B2 Ry 150 mg/L
W B ESF ] A 18 h, 5 M PR 38 4% o M AR B/ HE
J¥ W) b W O A Mk B L BRI T AL pH L W R
L 1ST 8

(5) 8 i 6 2 5K Ve 35 &k B & wh R
KA T pH AT E 19 3 BRI K, & —Fh &
T 1o AR W WA 5], R T B 0 R S

SR

[1] KURZBAUM E, BAR SHALOM O. The potential of
phosphate removal from dairy wastewater and municipal
wastewater effluents using a lanthanum-modified ben-
tonite[ J]. Applied clay science,2016,123182-186.

(2] XV, BRE R, EFTES 55, 4 Fb O I8 b EOREX 8% 1Y
W B AR A AT [T, BB TR A4, 2010,4 (1) .
44-48.

(3]  EESHE MG, E S, 55 WA R BE R BT 5
BEHIBUAR [T ], A6 T3 B 44 8k, 2019, 47 (3) : 39 -
42,46.

[4] SUNT T,DU R,DAN Q P, et al. Rapidly achieving
partial nitrification of municipal wastewater in en-
hanced biological phosphorus removal ( EBPR )
reactor: effect of heterotrophs proliferation and microbi-
al interactions [ J ]. Bioresource technology, 2021,
340,125712.

[5] 8, e, 20T, %, s e b 2 h i
BREEVERE [J]. KRN K422 4 (22 ) |, 2020, 41
(5):72-75,96.

[6] ARBELAEZ BRETON L,MAHDI Z,PRATT C,et al.
Modification of hardwood derived biochar to improve
phosphorus adsorption [ J ]. Environments, 2021, 8
(5).:41.

[7] WUBL,WAN J,ZHANG Y Y, et al. Selective phos-
phate removal from water and wastewater using sorp-
tion: process fundamentals and removal mechanisms
[J7. Environmental science & technology, 2020, 54
(1) :50-66.

[8] BROOKS A S,ROZENWALD M N,GEOHRING L D,
et al. Phosphorus removal by wollastonite : a constructed
wetland substrate[ J]. Ecological engineering,2000, 15
(1/2) :121-132.

[9] GUSTAFSSON J P,RENMAN A, RENMAN G, et al.
Phosphate removal by mineral-based sorbents used in
filters for small-scale wastewater treatment[ J]. Water
research,2008,42(1/2) :189-197.

[10] FEEAR  PMERHT , ZRI0T. A T 3% b Ko FEAE Tl 5 /K 4k 2

[11]

[12]

[13]

[14]

[15]

[16]

[18]

[20]

[23]

RN LT ], AR AR, 2002, 13(2) :224-228.
YANG Y,ZHAO Y Q,BABATUNDE A O,et al. Char-
acteristics and mechanisms of phosphate adsorption on
dewatered alum sludge[ J]. Separation and purification
technology ,2006,51(2) :193-200.
LIU R B,MAO Y, SHEN C, et al. Can biofilm affect
alum sludge adsorption:an engineering scope in a no-
vel biofilm reactor for wastewater treatment[ J |. Chemi-
cal engineering journal ,2017,328:683-690.
LIU R B,ZHAO Y Q,SIBILLE C,et al. Evaluation of
natural organic matter release from alum sludge reuse in
wastewater treatment and its role in P adsorption[ J].
Chemical engineering journal ,2016,302.120-127.
WEI'Y F,LIANG X J,WU H H,et al. Efficient phos-
phate removal by dendrite-like halloysite-zinc oxide
nanocomposites prepared via noncovalent hybridization
[J]. Applied clay science,2021,213.:106232.
ZHANG G S,LIU H J,LIU R P, et al. Removal of
phosphate from water by a Fe-Mn binary oxide adsor-
bent [ J |. Journal of colloid and interface science,
2009,335(2) :168-174.
YANG Y,ZHAO Y Q,LIU R B,et al. Global develop-
ment of various emerged substrates utilized in construc-
ted wetlands [ J]. Bioresource technology, 2018, 261
441-452.
GAO J Q,ZHAO J,ZHANG ] S,et al. Preparation of a
new low-cost substrate prepared from drinking water
treatment sludge ( DWTS ) /bentonite/zeolite/fly ash
for rapid phosphorus removal in constructed wetlands
[J]. Journal of cleaner production,2020,261:121110.
B R R 8 R KB S 00 I B R 8% 43 ok
SGEEEE . GB 11893—1989 [ ST. 4t 5% . v [ 4% i AR
., 1989.
ZHANG R C, LEIVISKA T. Surface modification of
pine bark with quaternary ammonium groups and its
use for vanadium removal [ J]. Chemical engineering
journal ,2020,385:123967.
CHUNG H K,KIM W H,PARK J,et al. Application of
langmuir and freundlich isotherms to predict adsorbate
removal efficiency or required amount of adsorbent
[J]. Journal of industrial and engineering chemistry,
2015,28.:241-246.
ﬁﬁﬁ AR R, S 2R K TS R K R 0 R
AEL)]. BR824 ,2018,12(3) :712-719.
CHEN J G,KONG H N, WU D Y, et al. Phosphate
immobilization from aqueous solution by fly ashes in
relation to their composition [ J]. Journal of hazardous
materials,2007,139(2) :293-300.
LI Q,ZHANG J S,GAO J Q,et al. Preparation of a no-



80 M K 2 (T % R 2022 4

vel non-burning polyaluminum  chloride residue optimum composition of aluminoborosilicate glasses

(PACR) compound filler and its phosphate removal with excellent dielectric properties according to ortho-

mechanisms [ J]. Environmental science and pollution gonal experiment design[ J]. Journal of materials sci-

research,2021;1-14. ence; materials in electronics, 2018, 29 (7).
[24] EA17, DU, M %, 5. BKI5RME Fe & YRR BE 5746-5752.

TR R SHLE L) . 3BT T AR 2441, 2016,10(10) [27] TREWE, 7 BT AR BOTE 2 TR S R 9

5420-5428. eI [J]. 4k T8 B M &L, 2017,45 (12) . 137 -
[25] #7K¥,BIEH., BABATUNDE A, %, 43K 4475 140,144,

X B ) R B R P B R A i TR R 2w [ ] v [ 45 K (28] BSew, Dhili 01, b B R, 4. 3R & B 1R ok Bk o 28 2R

HEZK,2015,31(11) :137-141. L BRI A AR S L [ )] P B R 24, 2010,
[26] ZHANG L L,LU Y D,KANG J F,et al. Selection of 30(3EFI 1) . 14-18.

Research on Phosphorus Removal Performance of Portland Blast Furnace Slag Cement

LI Qiang', DUAN Haoyu', GAO Jingging', CHU Junhui', ZHOU Haoxin®>, ZHU Tongdou', JIN Yinzhu'

(1. School of Ecology and Environment, Zhengzhou University, Zhengzhou 450001, China; 2. School of Water Conservancy and
Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; This study aimed to solve the problem of deep purification of high concentration phosphorus
wastewater and to explore the phosphorus removal potential of portland blast furnace slag cement. The adsorp-
tion of the wastewater containing 150 mg/L TP on portland blast furnace slag cement was discussed. Combined
with scanning electron microscopy (SEM) and X-ray diffraction (XRD) , the surface morphology and crystal
structure of portland blast furnace slag cement before and after phosphorus adsorption were characterized and
analyzed. The results of adsorption kinetics experiments showed that portland blast furnace slag cement as a
adsorbent could treat high phosphorus-containing wastewater, removal rate up to 90. 3%, adsorption capacity
up to 27 mg/g, the adsorption kinetic process could be well explained by using pseudo-second-order kinetic
model and intra-particle diffusion model, the dephosphorization rate is mainly limited by the chemical reaction
rate, compared with surface adsorption, intra-particle diffusion is the decisive step in the adsorption process.
In addition, isotherm studies showed that phosphorus adsorption on portland blast furnace slag cement fitted
the Freundlich and Langmuir model, with the correlation coefficients over 0.97. The results indicated that
both single-layer adsorption and multi-layer adsorption occurred in portland blast furnace slag cement, and the
non-uniform active sites on the surface were slightly stronger than the uniform active sites, the maximum phos-
phorus adsorption capacity determined by Langmuir isotherm plot was 47 mg/g. Through orthogonal experi-
ments, the optimal reaction conditions were as follows: pH is 7, initial phosphorus concentration is 150 mg/L,
dosage is 5 g/L, contact time is 18 h. The portland blast furnace slag cement can effectively neutralize the
excess acid and alkali, and has good buffering characteristics, which may be related to the protonation and
deprotonation of the metal ions, the ligand exchange in chemisorption was the main mechanism of phosphorus
removal. Portland blast furnace slag cement is suitable for high concentration of phosphorus containing
wastewater, also suitable for pH unstable phosphorus containing wastewater.

Keywords: portland blast furnace slag cement; adsorption; phosphorous wastewater; ligand exchange



